1. Introduction {#sec1}
===============

*Toxoplasma gondii* is an obligate intracellular parasite which belongs to the Phylum Apicomplexa, with felines as the definitive hosts and all the warm-blooded animals, including humans, as intermediate ([@bib16]). This parasite is the causative agent of toxoplasmosis, a zoonotic disease that infects one third of the human population and it is considered one of the most important infections produced by food ([@bib19]) ([@bib6]). Acute infection can be asymptomatic or cause non-specific symptoms that include fever, lymphadenopathy and myalgia, imitating other infectious diseases ([@bib27]). However, *T. gondii* infection presents serious implications in particular in immunocompromised patients and newborns in the case of congenital transmission, where tachyzoites can cross the placenta and infect the fetus, with clinical manifestations ranging from spontaneous abortion, intrauterine growth retardation, hydrocephalus, neurological alterations, retinochoroiditis, cardiovascular anomalies, to an asymptomatic newborn that manifest symptoms, such as eye damage, at some period of his life ([@bib11]) ([@bib4]).

The main route of infection include the consumption of raw or undercooked meat ([@bib3]) and its derivatives that have tissue cysts, direct contact with oocysts present in the soil through gardening and the consumption of contaminated fruits and poorly washed vegetables ([@bib5]) ([@bib18]) or by consuming untreated well water ([@bib9]; [@bib29]). Currently, the seroprevalence of *T. gondii* is between 1 and 90% but these values vary according to the region, climatic differences, socioeconomic conditions, food and hygiene habits and the susceptibility of the host ([@bib13]) ([@bib10]). All these factors can explain why the prevalence is extremely variable between different countries and in different regions within the same country ([@bib9]). There is further evidence that the risk of contracting *T. gondii* infection increases when socio-economic conditions are unfavorable such as poverty or low quality of life ([@bib5]; [@bib18]; [@bib9]; [@bib13]; [@bib10]). However, in some cases it was observed that higher socio--economic status coincides with higher consumption of raw meat correlating with high seroprevalence ([@bib17]). Interestingly, living in a rural area or working on farm tasks was also associated with a higher seroprevalence of *anti*-*T. gondii* antibodies ([@bib28]; [@bib2]; [@bib15]). Although there are several studies that compare the levels of seroprevalence between rural and urban regions, there are few studies that address the incidence of toxoplasmosis between urban and peri-urban/suburban regions. A study conducted in Aracaju, Brazil, found higher levels of seroprevalence in women from peri-urban neighborhoods, in this case coinciding with an unfavorable economic situation ([@bib15]).

Argentina is a country with a strong rural component. However, the main studies to detect *T. gondii* antibodies were carried out with populations associated with cities. Seroprevalences of toxoplasmic infection of 21.2% were observed in blood donors in Buenos Aires D. C. (CABA), although in recent years a decrease has been observed ([@bib18]). In pregnant women the seroprevalence observed in CABA was 18.33% ([@bib7]). In order to estimate the seroprevalence of the *T. gondii* infection in a rural area, we investigated the levels of seroprevalence in pregnant women of Chascomús, a region of strong association with rural activity and given that there are important differences in the urban development within the city of Chascomús, we analyzed whether there was association with seroprevalence in less developed areas (peri-urban region) as was observed by others. In addition, we also analyzed possible risk factors that could be associated with *T. gondii* infection to determine possible routes of infection.

2. Materials and methods {#sec2}
========================

2.1. Area of study {#sec2.1}
------------------

The study was conducted in Chascomús city ((35° 34′ 30″ S, 58° 0′ 32″ W) located within the Province of Buenos Aires, 123 km from (CABA). The total population of the city is 42,277 inhabitants of which 21,570 are women ([@bib21]). It has an area of 4163.19 km^2^ with an altitude of 10 m above sea level, with low soils typical of the region, especially suitable for extensive livestock farming. The climate is humid temperate to sub-humid, with an average annual temperature of 16 °C, being the average for the summer of 23 °C and in the winter of 9 °C ([@bib22]). Only 76.9% of households have treated water, 55.9% with sewer services and 44.5% natural gas. The main economic activity lies in the manufacturing industry (40.1%) and 8.4% of the total is represented by agriculture, livestock and forestry, where the bovine rearing represents 1.14% of the total of the province; the rest is represented by public administration, transport and communications, commerce, construction and tourism. Regarding health coverage, Chascomús has a public hospital, Hospital Municipal San Vicente de Paul, six public health centers dependent of this hospital and a private health service ([@bib8]).

2.2. Study population {#sec2.2}
---------------------

A retrospective study was performed in the programmatic area of the Hospital Municipal San Vicente de Paul. The inclusion criteria were to consider all pregnant females who carried out their antenatal cares in the Hospital Municipal San Vicente de Paul, according to the norms of antenatal control of the Ministry of Health of the Argentine Nation and of the Province of Buenos Aires about prevention of congenital toxoplasmosis and gave birth in this hospital between April 2014 and December 2017. The *T. gondii* serology includes the detection of immunoglobulin G (IgG) and immunoglobulin M (IgM) antibodies. IgG test was performed by using the Indirect Hemagglutination Assay (IHA) test (HAI; Wiener Lab. Group, Argentina). Positive individuals for IgG antibodies were tested for IgM antibodies by using IgM- Enzyme-linked Fluorescent Immunoassay (ELFIA; Biomerieux, France). Both tests are commercially available and were performed according to the manufacturer\'s specifications and are part of routine assays of San Vicente de Paul\'s Hospital Clinical Diagnostic Unit. Of note, IgG-IHA test is suitable for mass screening in epidemiological studies ([@bib20]) ([@bib26]).

2.3. Risk factors {#sec2.3}
-----------------

A questionnaire survey was completed by pregnant females from April 2016 to December 2017, to analyze possible risk factors associated with *T. gondii* infection. The risk factors analyzed were: Activity (urban, urban/rural or rural), water supply at home (potable from public water company or well water), animal husbandry, presence of cats as pets, gardening and consumption of meat and their frequencies (pork, sheep meat, sausages).

2.4. Geographical distribution {#sec2.4}
------------------------------

The geographical coordinates of individual\'s address of pregnant females that participated in this study were obtained to determine their distribution in the city. Chascomús city was divided in developed urban (all public services, fully inhabited) and undeveloped peri-urban (lack of some public services, partially inhabited, presence of empty lots) area modified from Tauber (1993) ([@bib25]), by using the QGIS 3.2.1 software.

2.5. Statistical analysis {#sec2.5}
-------------------------

All data were analyzed using *Epi Info* 7.2.2.6 and Epidat 3.1. The prevalence ratio (PR) and the 95% confidence intervals (CI) were calculated to assess the possible association of variables.

The chi-square test was used to evaluate significant association between the values of prevalence of *anti*-*T. gondii* antibodies observed in urban and peri-urban areas. A *p*-value \< 0.05 was considered statistically significant.

2.6. Ethical considerations {#sec2.6}
---------------------------

This study was approved by the ethics committee (FEMEBA Nota Nro 502, 23sep 2014) and the individuals signed an informed consent for the use of the data for research purposes. According to the local laws, minor of the age range of this study can sign the consent themselves.

3. Results and discussion {#sec3}
=========================

3.1. Prevalence of *anti*-T. gondii antibodies and risk factors {#sec3.1}
---------------------------------------------------------------

In this period of study, 1182 individuals gave birth at the Hospital Municipal San Vicente de Paul; 86 individuals gave birth more than once in this period and from them we included the results of the last serology performed (seroconversion was not observed in seronegative individuals) and 176 individuals did not have present serology data. Thus, data from 920 pregnant females were collected (77.8%), with an age range between 13 and 44 years (mean age of 25.10 ± 6.1 years old). Of these 920 individuals, 320 were positive for IgG antibodies ([Table 1](#tbl1){ref-type="table"}). None of these 320 individuals had positive serology for IgM antibodies, which shows a profile of chronic infection.Table 1Age-associated prevalence of *anti*-*T. gondii* antibodies in pregnant women from Chascomús, from April 2014 and December 2017.Table 1VariableNo. ParticipantsIgG + (%)PR (95% CI)Age (year)\<1916954 (31.9)120--34671231 (34.4)1.08 (0.84--1.37)\>348035 (43.8)1.37 (0.98--1.91)[^1]

The overall prevalence of *anti*-*T. gondii* antibodies was 34.8% (320/920) (CI 95%: 31.7--37.9). This prevalence value is higher than the 18.33% observed in a study conducted on 12,035 pregnant women from Hospital Alemán from CABA ([@bib7]). Since the study carried out by the Hospital Alemán was based on the Sabin Feldman *Dye Test,* a more sensitive test than the one used in the present work, this could not account for the difference observed. A possible explanation is that Chascomús is a rural area which was demonstrated to be a risk factor for *T. gondii* infection as observed by others ([@bib24]) ([@bib28]). In the city of Chascomús only part of the individuals are linked to rural activities, independent of the area where they live, and it could be observed that the seroprevalence among people with farm or rural activities in comparison with individuals that never had any relationship with rural activities was not significantly different ([Table 2](#tbl2){ref-type="table"}). This indicates that other risk factors could affect the high infection rate observed in the Chascomús population.Table 2Prevalence of *anti*-*T. gondii* antibodies in pregnant women from Chascomús, by the investigated variables, from April 2016 to December 2017.Table 2Risk FactorNo. ParticipantsSeropositive (%)PR (95% CI)**Activity**Urban26182 (31.4)1Urban/Rural5717 (29.8)0.95 (0.61--1.47)Rural84 (0.5)1.59 (0.78--3.26)**Water supply**Well water9232 (34.8)1Treated19555 (28.2)1.23 (0.86--1.76)**Animal husbandry**Yes8229 (35.4)1No22367 (30.0)1.18 (0.83--1.68)**Presence of cat**Yes8423 (27.4)1No23077 (33.5)0.82 (0.55--1.21)**Gardening**Yes3411 (32.4)1No28792 (32.1)1.01 (0.60--1.69)[^2]

The analysis of other risk factors such as water supply at home (potable or well water), animal husbandry, presence of cats as pets, gardening ([Table 2](#tbl2){ref-type="table"}), did not show a significant association with *T. gondii* infection. This is in agreement with several studies that did not show an association between pets or gardening with seropositivity with this parasite ([@bib13]) ([@bib2]). In this study no association was found with the water supply. Of note, homes with well water, which has high saline content, usually drink commercial bottled water, which may be an explanation of the observed result. Age was not a risk factor in this study, but the pregnant females with an age \>34 years had the highest seroprevalence (43.2%).

Argentina is known as a meat consumer country, specially from bovine animals ([@bib14]). To notice, the consumption of porcine and ovine meat has increased in recent times, which are known as possible sources of *T. gondii* infection ([@bib23]) ([@bib12]). Therefore, we investigated different meat types as potential risk factor. None of the individuals included in this study were vegetarian. The consumption of meat and their frequencies ([Table 3](#tbl3){ref-type="table"}) did not show significant association with *T. gondii* seropositivity. In general, in Chascomús, as in other rural areas, all meats are cooked well done, maybe explaining the lack of differences among the type of meats.Table 3Prevalence of *anti*-*T. gondii* antibodies in pregnant women from Chascomus, by reported meat consumption, from April 2016 to December 2017.Table 3Risk FactorNo. ParticipantsSeropositive (%)PR (95% CI)**Pork**No10830 (27.8)1Once and less than once a week18758 (31.0)1.12 (0.77--1.62)More than once3214 (43.8)1.58 (0.96--2.59)**Sheep**No13941 (29.5)1Once and less than once a week16050 (31.2)1.06 (0.75--1.50)More than once2911 (37.9)1.29 (0.76--2.19)**Sausages**No5722 (38.6)1Once and less than once a week21155 (26.1)0.68 (0.45--1.01)More than once5924 (40.7)1.05 (0.67--1.65)[^3]

3.2. Distribution {#sec3.2}
-----------------

Of the 920 individuals with serology data, geographical coordinates of 769 (83.6%) households were obtained taking into account the address provided in their clinical history. By using the QGIS 3.2.1 software these individuals could be located in the city and their distribution determined in two main areas: urban and peri-urban ([Fig. 1](#fig1){ref-type="fig"}). Thus, 157 had declared their home in urban areas (mean age of 25.81 ± 6.01 years old) and 612 in peri-urban areas (mean age of 25.18 ± 6.15 years old) ([Fig. 1](#fig1){ref-type="fig"}). The prevalence of *anti*-*T. gondii* antibodies in urban and peri-urban areas was 26.8% (CI 95%: 19.8--33.7) and 36.4% (CI 95%: 32.6--40.3) respectively, and this difference was statistically significant (p = 0.023). A large population is concentrated in the urban area in respect to the total population. Here, there is a very low availability of uninhabited land and is the most developed area since it has a greater coverage in basic needs, such as access to treated water, sewer and gas services. In the peri-urban area, as we move away from the downtown area towards the periphery, this development is impoverished as there are areas with no access to gas and sewer services and only a minority has access to treated water. At the same time, there is more uninhabited land and green spaces that could be visualized at the map as green patches between homes ([Fig. 1](#fig1){ref-type="fig"}). Although additional studies are necessary to evaluate the reasons for the differences found, two possible causes could be cited based on the literature: differences in socioeconomic levels between urban/peri-urban area and or the fact that domestic cats in the peri-urban area have more access to rodent predation activities than in the urban region as observed by others ([@bib15]; [@bib1]). More studies are needed to unravel whether these are the causes of the differences in seroprevalence we observed in Chascomús.Fig. 1Distribution of pregnant women in Urban and Peri-urban area. Red: Individual IgG positive for *T. gondii* antibodies. Blue: Individual IgG negative for *T. gondii* antibodies. Corner: Map of the City of Chascomús with the two main area: URBAN and PERI-URBAN. Map data: ©2019 Google.Fig. 1

4. Conclusions {#sec4}
==============

In the present study, high frequency of anti-*Toxoplasma gondii* antibodies (IgG class) was found in pregnant females, being higher than that observed in the federal district (CABA). This indicates a higher rate of infection that is tempting to associate with rural activity within Chascomús; however, no differences were observed in the present work. Moreover, there were no associations between *T. gondii* infection and the different food sources analyzed or the presence of cat as a pet and with the water supply in Chascomús. Interestingly, a higher prevalence was associated with peri-urban neighborhoods compared to the more urbanized neighborhoods in the center, suggesting undeveloped peri-urban environments as a risk factor that should be taken into account in the health care of pregnant females. Given that there are few studies comparing peri-urban with urban neighborhoods of the same city, the results obtained here could encourage similar studies in other regions. Finally, we encourage generating guidelines to prevent *T. gondii* transmission in these neighborhoods, and monitoring the situation.

Conflicts of interest {#sec5}
=====================

The authors hereby declare that there is no conflict of interest in the study.

The authors would like to thank Analía Sullings, Valeria Díaz, María Inés Salaberry, Moja Begoña, Sandra Giménez, Irma Quesada, Estela Corbo, Norma Chimpém Toledo, Soledad Sullings and Marcelo Valotha for their important contribution to this study. This work was supported by grant PIDC 0025 (ANPCyT).

[^1]: **PR**: prevalence ratio. **95% CI**: 95% confidence interval.

[^2]: **PR**: prevalence ratio. **95% CI**: 95% confidence interval.

[^3]: **PR**: prevalence ratio. **95% CI**: 95% confidence interval.
